The muscarinic cholinergic receptor (MAChR) blockade with scopolamine either extended or restricted to the hippocampus, before or after training in inhibitory avoidance (IA) caused anterograde or retrograde amnesia, respectively, in the rat, because there was no long-term memory (LTM) expression. Adult Wistar rats previously exposed to one or two open-field (OF) sessions of 3 min each (habituated), behaved as control animals after a weak though over-threshold training in IA. However, after OF exposure, IA LTM was formed and expressed in spite of an extensive or restricted to the hippocampus MAChR blockade. It was reported that during and after OF exposure and reexposure there was an increase in both hippocampal and cortical ACh release that would contribute to "prime the substrate," e.g., by lowering the synaptic threshold for plasticity, leading to LTM consolidation. In the frame of the "synaptic tagging and capture" hypothesis, plasticity-related proteins synthesized during/after the previous OF could facilitate synaptic plasticity for IA in the same structure. However, IA anterograde amnesia by hippocampal protein synthesis inhibition with anisomycin was also prevented by two OF exposures, strongly suggesting that there would be alternative interpretations for the role of protein synthesis in memory formation and that another structure could also be involved in this "OF effect."
It has long been recognized that the cholinergic system plays an important role in learning and memory (Deutsch and Rocklin 1967; Huang et al. 2010; see Jerusalinsky et al. 1997) and that the forebrain cholinergic transmission could be relevant for arousal and attention (see Sarter and Bruno 2000; Sarter et al. 2003) . Antagonism of muscarinic acetylcholine receptors produces cognitive deficits in both experimental animals and humans (Baratti et al. 1979; Morris et al. 1982; Auerbach and Segal 1994; Miranda and Bermudez-Rattoni 1999; Diehl et al. 2007 ; for reviews, see Nadel and Moscovitch 1997; Eichenbaum et al. 1999; Frankland and Bontempi 2005; Eglen 2006) .
Habituation is the most elemental type of non-associative learning and is based on the decrease of the response to the stimulus. Habituation of an animal to a new environment is revealed by a decrease in its exploratory behavior. There is an activation of the hippocampus and its medial septum cholinergic afference while a rodent explores an open field (OF) and habituates to it (Izquierdo et al. 1992; Thiel et al. 1998 ). This involves several processes, such as responses to novelty (including arousal), emotion, moderate stress, decreased response due to recognition of (familiarization with) the environment, which requires spatial learning and memory leading to recognition and retrieval. Hippocampal lesions or blockade of the hippocampal cholinergic muscarinic receptors (MAChR) dramatically affected exploratory behavior and habituation to the environment, in both rats and mice (Ukai et al. 1994 ; see Izquierdo and Medina 1997) . In addition, cortical and hippocampal acetylcholine (ACh) release impacts attention (see Everitt and Robbins 1997; Sarter et al. 2003) , learning and memory of various tasks (see Jerusalinsky et al. 1997; Pepeu and Giovannini 2004) and is critical for hippocampal synaptic plasticity like long-term potentiation (LTP) (Auerbach and Segal 1994; Sanchez et al. 2009 ).
The inhibitory avoidance (IA) task is a paradigm of associative learning that can be acquired in a single training session through the activation of several brain structures, such as the amygdala, hippocampus, and various cortical regions, which are recruited by several sensory stimuli, including spatial and visual components, (mild) pain, and fear (see Izquierdo 1989) . Acquisition of an IA task also depends on the activation of the cholinergic system. In the rat, the systemic (Giovannini et al. 1999) or intracerebral (intrahippocampal, intra-amygdala, intra-antero-lateral prefrontal, and posterior parietal cortex; see Izquierdo et al. 1999b ) administration of a muscarinic antagonist before or after IA training impaired performance, leading to amnesia (Bammer 1982; Izquierdo et al. 1992 ; for reviews, see Jerusalinsky et al. 1997; McGaugh and Izquierdo 2000; Klinkenberg and Blokland 2010) . On the other hand, agonist administration resulted in a better IA performance for rats and mice, evaluated 24 h after training; hence, it improves long-term memory (LTM) (Baratti et al. 1979; Barros et al. 2002) .
It was shown that exposure to either a novel task or a novel environment certain time before IA training led to several different interactions between tasks (see Supplemental Table) ; i.e., 2-min OF exposure 1 h after IA training (with 0.4-or 1-mA footstock) or two (2 min each) OF exposures 5 min before and 1 h after IA training interfered on IA performance in the test session carried out 24 h later (Izquierdo et al. 1999a ). On the other hand, a 2-min exposure to a different box 2 h before IA training had no evident effect on this task (Netto et al. 1985) . OF interference was evident when rats were exposed 2 h after IA training, but not when they were exposed 6 h after IA training (Izquierdo et al. 1999a) . It was also reported that a 5-min OF exposure around a weak IA training session (1 h before and either 15 min or 1 h after training) with an underthreshold stimulus, which would not lead to LTM formation, could promote the establishment of an IA-LTM (Moncada and Viola 2007) .
In our behavioral assays, we currently let the animals explore twice an OF in two consecutive days before training them in different behavioral tasks. Rats that were then trained in IA and received current amnestic antagonists showed variable performances that appeared to depend on whether they were or were not previously exposed to the OF. Taking into account our experience and the mentioned reports, we have evaluated the putative influence of the exploration and habituation to an OF, an experience with nonaversive content, on the amnesia of an aversive task, like IA to a footshock, caused by the muscarinic receptor antagonist scopolamine. Aiming to this goal, we assessed the influence of the previous OF on IA performance in groups of adult Wistar rats either treated with or without scopolamine. In this work, we show that the previous experience in the OF allowed to overcome the amnesia in IA caused by scopolamine administered either intraperitoneally or intrahippocampus, therefore leading to LTM formation and expression.
Results

Footshock intensity for the inhibitory avoidance task
Adult male Wistar rats were trained under current experimental conditions in our laboratory in a step-down IA task. To evaluate the threshold footshock which leads to LTM expression, 35 rats were divided into three groups and trained with 0.4, 0.5, or 0.6-mA footshock, respectively (Fig. 1A ). There were no significant differences between training latencies for the three groups, indicating that those groups were comparable because most of the rats showed a similar behavior during the training session. The test session was performed 24 h later without a footshock, as indicated in Materials and Methods.
We consider that the learning criterion is reached when test latencies are higher than training latencies. The medians of latencies are represented in Figure 1A . Most of the rats that were trained with 0.5-and 0.6-mA footshocks reached the learning criterion; therefore, they expressed an LTM. On the other hand, rats that were trained with 0.4 mA did not reach the learning criterion. Hence, this indicates that the threshold footshock was 0.5 mA.
Habituation to the OF
To assess habituation to the OF, the number of crossings and rearings was recorded for each rat (Fig. 1B) . Every group of animals exposed to two OF (3-min) sessions 24 h apart had a significant decrease in the median of total number of rearings and/or crossings in the second OF session compared with the first one, showing that the OF protocol used in this work led to habituation to the arena (Fig. 1B) .
OF effect on memory of the inhibitory avoidance OF effect on STM of IA To evaluate a putative effect of the OF on IA STM, two groups of animals, either not exposed to the OF (no OF) or exposed in two consecutive days to the OF (two OF), were then trained in IA with a 0.5-mA footshock 90 min after the second OF session and were tested 40 min later without footshock. The medians of IA latencies following OF exposure are shown in Figure 2A . There were neither significant differences between IA training latencies nor between test latencies when comparing the group of animals twice exposed to the OF with that not exposed to the OF ( Fig. 2A) . Both groups of rats showed significantly higher test than training latencies when IA sessions were 40 min apart, revealing that an STM was formed and expressed. Furthermore, there was no significant difference in performance between the groups. Hence, these results indicate that there was no evident effect of the previous OF on IA STM.
OF effect on LTM of IA
To evaluate whether there was any effect of the OF on IA LTM, rats were exposed 3 min to the OF and reexposed 24 h later, as before. Ninety minutes after the second OF, they were trained in IA with a 0.5-mA footshock; the test was performed 24 h later without footshock.
There was neither significant difference between training latencies nor between test latencies when comparing the group twice exposed to the OF against the group not exposed (Fig. 2B ). Both groups of rats showed significantly higher test than training latencies. Hence, the learning criterion was reached, indicating that an LTM was formed and expressed, as it was for STM. No significant differences were found in IA performance between the groups of animals either exposed or not to two OF sessions (Fig. 2B ).
OF effect on amnesia of IA instigated by systemic scopolamine
To assess a putative influence of the previous OF exposure on the amnesia instigated by the muscarinic antagonist scopolamine during memory acquisition and/or early consolidation of IA, we repeat same protocol as in Habituation to the OF. The rats in each of the two groups were injected i.p. either with saline 
OF effect on IA STM impairment by systemic scopolamine
To assess IA-STM rats were tested 40 min after IA training. The median of IA latencies are shown in Figure 3A . Training latencies of rats either submitted or not to the OF, injected with saline or scopolamine were not statistically different (Fig. 3A) . Scopolamine treated rats, either exposed or not to the OF, did not express STM. Control groups injected with saline, either exposed or not to two OF sessions clearly expressed an STM (Fig. 3A) , since test latencies were significantly higher than training latencies. The STM performance was higher in control groups compared with scopolamine injected rats, either exposed or not exposed to the OF (Fig. 3B) . Therefore, i.p. scopolamine produced the already reported "STM amnesia" of IA, and the previous OF exposure did not show any significant effect on it.
However, shorter test latencies following the systemic administration of scopolamine could be due to an enhancement of locomotor activity (Day et al. 1991; Pitsikas et al. 2001 ), instead of a negative effect on cognitive function. Therefore, the locomotor activity was assessed 60 min after i.p. administration (same interval between i.p. injection and the IA-STM test) of same dose of scopolamine (1 mg/kg). There were no significant differences in the number of crossings and rearings between scopolamine and saline injected animals, and the observed behavior was rather similar (see Table 1 ).
OF effect on IA LTM amnesia by systemic scopolamine
The results of IA latencies for test and training sessions performed 24 h apart are shown in Figure 4 ,A and B. There was no difference in training latencies between groups. There were significant differences between training and test latencies in saline injected rats either exposed or not to the OF, while no significant difference was observed between test and training latencies for the group of rats without OF exposure, injected with scopolamine (Fig. 4A,B) ; furthermore, latency differences (test 2 training latencies) for scopolamine injected group were significantly lower than for both saline injected groups (Fig. 4C) . Hence, rats injected with scopolamine and not exposed to OF did not express an LTM. On the other hand, test latencies were significantly higher than training latencies for the rats twice exposed to the OF and then injected with scopolamine (Fig. 4A) .
Then we asked whether only one OF exposure (90 min before IA training) would also have any effect on scopolamine amnesia. However, we first need to find out if one OF exposure could have any effect on IA performance in the conditions of our assays. To this end, (test 2 training) latency differences from control rats exposed to one OF 90 min before IA training were compared with latency differences from control rats not exposed to the OF. There was no significant difference between latency differences; both groups reached the learning criterion (Fig. 4B) , as did naïve animals (legend of Test latencies of rats exposed to one OF session injected with scopolamine, were significantly higher than training latencies (Fig. 4B) . Therefore, this group also achieved the criterion for an established LTM.
The comparison of latency differences showed that both control groups injected with saline, either exposed or not to the OF, developed better performances than the "amnesic group" treated with scopolamine and without previous OF exposure (Fig. 4C,D) . Therefore, these results showed that one or two OF sessions "prevented" the scopolamine induced amnesia of IA. The performance in IA of scopolamine injected rats twice exposed to the OF was not statistically different than for rats exposed only once (Fig. 4A,B ).
OF effect on amnesia of IA instigated by intrahippocampal infusion of scopolamine
Since scopolamine administered into the hippocampus (8 mg/side) immediately after IA training, at early consolidation, leads to amnesia of IA, we investigated if the previous OF could also improve memory in this case. The experimental design is shown in top panels of Figure 5 .
OF effect on IA STM impairment by intrahippocampal scopolamine IA latencies for STM are shown in Figure  5A . Significantly higher test than training latencies were observed in rats exploring twice the OF injected with scopolamine, as well as in rats either exposed or not to the OF, injected with saline (Fig. 5A ). Therefore, those animals clearly expressed STM. At variance, those rats without OF exposure and treated with intrahippocampal scopolamine, did not reach the learning criterion (Fig. 5A) . When comparing groups' performance ( Fig. 5B ), statistically significant differences were found among latency differences (test 2 training latencies). The group of rats not exposed to the OF, treated with scopolamine showed the lowest performance for IA STM compared with the other groups (Fig. 5B) . Hence, intrahippocampal injection of scopolamine immediately after training impaired IA-STM and this negative effect was prevented by the previous OF sessions.
OF effect on IA LTM amnesia instigated by intrahippocampal scopolamine
IA performance of rats either previously exposed or not to the OF is shown in Figure 5C . Taking into account the results with systemic scopolamine, we also included here groups of rats exposed to only one OF. Animals previously exposed once or twice to the OF, infused into the hippocampus either with scopolamine or saline, showed significant differences between test and training latencies; therefore, these rats expressed LTM. On the other hand, there were no significant differences between test and training latencies for the group of rats not exposed to the OF and treated with scopolamine; hence, these rats were amnesic. As expected, test latencies were significantly higher than training latencies for control groups ( Open field overcomes amnesia by MAChRs blockade www.learnmem.org for the group not exposed to the OF and treated with scopolamine, which showed the lowest performance for IA LTM, compared with the other groups (Fig. 5D ). There were not significant differences between latency differences of rats injected with saline, exposed either to 1 or 2 OF sessions, thus showing similar IA performances (Fig. 5D ).
Effect of hippocampal protein synthesis inhibition on IA performance
It has been previously reported that the OF exploration for 5 min promoted IA memory when rats were trained with an underthreshold footshock that usually did not induce LTM; and it was proposed that this effect was dependent on an OF concomitant protein synthesis (Moncada and Viola 2007) .
We intended to find out if the OF modulation of IA LTM, evidenced when "retention" was challenged by an amnestic agent, would involve protein synthesis triggered during or after the second OF exposure.
First, we assessed the effect of anisomycin injected either 85 min (5 min after the OF) or 120 min before IA training (with a 0.5-mA footshock) (30 min before the OF), on IA performance of rats tested 24 h after training. The experimental design is shown in Figure 6 .
When anisomycin was infused 85 min before IA training, in rats without OF exposure, there were no significant differences between training and test latencies in IA; it means that the rats did not reach the learning criterion, there was no evident retention and LTM was not expressed (Fig. 6A) . When anisomycin was infused 120 min before IA training, test latencies (though lower than usual) resulted significantly higher than training latencies (Fig. 6B) . Therefore, anisomycin led to amnesia of IA-LTM when it was injected 85 min before IA training, though not 120 min before. However, in the latest case, anisomycin led to some IA-LTM impairment, since latency differences were significantly lower than those of control rats injected with vehicle (see Fig. 6D ).
We then intended to assess whether there was some protein synthesis triggered during or after the second OF exposure, which would be required for the IA trace. Hence, we blocked protein synthesis during or after the second OF session by using anisomycin injected into the dorsal hippocampus 30 min before or 5 min after the second OF session. Both groups of animals injected with anisomycin, either 85 or 120 min before IA training, that had been previously exposed to the OF, showed significantly higher test than training latencies; it means that there was retention and the animals clearly expressed an LTM (Fig. 6A,B) . Latency differences in IA were significantly higher for rats twice exposed to the OF and injected 120 min before IA training with anisomycin, than for those not exposed to the OF also injected with the drug (Fig. 6D) . Hence, the OF exploration also rescued IA-LTM impaired by anisomycin, despite the moment of infusion, either before or after the second OF session.
Discussion
Effect of a previous experience on IA memory
In the last 30 years, there were several reports on the effect of a novel experience around the time of IA training, on performance of this task; some of those reports appeared controversial. As shown in the Supplemental Table, the novel experience (mostly OF) could lead to interference in learning and memory of the IA task (when animals were exposed only once 20 min or 2 h after IA training, or twice, 5 min before and 2 h after training), (Netto et al. 1985; Izquierdo and Pereira 1989; Izquierdo et al. 1999a; Blake et al. 2011) ; in other protocols, this novel experience did (A,C) IA performance of rats not exposed to the OF (no OF, empty bars) or previously exposed to OF sessions (one OF, vertical striped bars, and two OF, horizontal striped bars). Rats were injected with either saline (sal, white bars) or scopolamine 8 mg/side (scopo, gray bars) and were trained in IA with a 0.5-mA footshock; they were tested 40 min later to evaluate STM (A) or 24 h later to evaluate LTM (C P , 0.001). For A and B, no OF groups: control, n ¼ 12 and scopo, n ¼ 11. 2 OF groups: control, n ¼ 10 and scopo, n ¼ 11. For C and D, no OF groups: control, n ¼ 14 and scopo, n ¼ 10. One OF group: control, n ¼ 8 and scopo, n ¼ 13. 2 OF group: control, n ¼ 10 and scopo, n ¼ 8.
Open field overcomes amnesia by MAChRs blockade www.learnmem.org not show any significant effect (when animals were exposed once to the "novelty" 2 h, 30, or 5 min before IA training, or either 2 or 6 h after training) (Netto et al. 1985; Izquierdo et al. 1999a; Blake et al. 2011) . There is still another possibility when the novel experience promotes encoding of the IA task performed with a weak underthreshold stimulus, leading to LTM (Moncada and Viola 2007) . In addition, exposure to a novel experience 1 h before a weak underthreshold training on either contextual fear conditioning (CFC) or spatial object recognition, promoted LTM formation (Ballarini et al. 2009 ), while extinction of CFC was also promoted by exposure to a novel OF (de Carvalho Myskiw et al. 2013) .
Therefore, the exploration of an OF around a second task, particularly IA training, induces different effects on IA performance/retention, depending on the duration (e.g., 1 min vs. 3 -5 min OF session, leading or not to habituation to the environment, respectively), the interval before and after IA training and the salience (footshock intensity) of the IA training.
In our experimental conditions, adult Wistar rats learned and expressed an LTM when trained in IA with a 0.5-mA or higher stimulus, though not with 0.4 mA (Fig. 1A) . Rats trained with 0.5 mA-i.e., a mild overthreshold footshock-90 min after 3-min exploration of the OF, did not show significant changes in performance for STM ( Fig. 2A) , nor for LTM either (Fig. 2B) , neither for rats exploring once the OF (a "novel" experience; Fig. 4B ), nor for those exploring twice the OF (a "familiar" experience; Figs. 2B and 4A). Therefore, when the stimulus was overthreshold, the results are in agreement with the previous reports (Moncada and Viola 2007; Ballarini et al. 2009; de Carvalho Myskiw et al. 2013) , within a similar interval. We considered that one session in the OF was a "novel" experience since it was the first and only one exposure to the OF. The second session was considered a "familiar" experience since rats showed habituation to the arena.
Amnesia of IA by scopolamine
Pharmacological experiments conducted in nonhuman animals (Deutsch 1971; see Klinkenberg and Blokland 2010) , as well as in humans (Barak and Weiner 2010) , have shown learning and memory deficits after MAChRs blockade (see Micheau and Marighetto 2010) . Learning of an IA task depends on the activation of the cholinergic system (Baratti et al. 1979; Izquierdo et al. 1998; Jerusalinsky et al. 1998; Giovannini et al. 1999; Barros et al. 2002 , for reviews, see Jerusalinsky et al. 1997; McGaugh 2000) . Low doses of i.p. scopolamine given before training in a step-through version of the inhibitory avoidance (ST-IA) impaired retention tested 24 h later (Elrod and Buccafusco 1988; Ohno and Watanabe 1996) . It has also been reported that, when given after training, a higher dose of scopolamine was necessary to impair memory (Roldan et al. 1997) , suggesting a stronger effect on acquisition than on memory consolidation (Rush 1988) . Thus, it was proposed that scopolamine would affect sensory perception and attention at lower doses (,0.1 mg/kg), and learning and memory at higher doses (see Klinkenberg and Blokland 2010) . On the other hand, ST-IA training with a very high footshock, considered as an over-reinforcement, protected from the amnestic effect of a high dose (4 mg/kg) of systemic scopolamine (Duran-Arevalo et al. 1990; Quirarte et al. 1993 Quirarte et al. , 1994 .
The anterograde amnesia by scopolamine injected i.p. before training was reversed by administration of AJ23 (an A1-adenosine receptor antagonist) at the time of early consolidation, strongly suggesting that in this case, the process underlying this amnesia would have been operating mainly during the consolidation period rather than during acquisition (Harvey et al. 2012) .
Although there are reports of the amnestic effect of 0.2 and 0.5 mg/kg of scopolamine on the step-through version of IA in rats (Pazzagli and Pepeu 1964; Feigley 1974; Vannucchi et al. 1997) , in our experimental conditions 1 mg/kg of scopolamine was the lowest dose able to cause IA amnesia in the step-down version of this task, even when training was relatively weak. P , 0.001). "Rats injected 85 min before IA": no OF groups: control and aniso, n ¼ 10; two OF groups: aniso, n ¼ 11. "Rats injected 120 min before IA": no OF groups: control, n ¼ 9 and aniso, n ¼ 8; two OF groups: aniso, n ¼ 10.
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Amnesia by i.p. scopolamine and the "OF effect"
The systemic administration of scopolamine in mice 15 min before IA training impaired STM expression (Alpern and Marriott 1973; Botton et al. 2010) .
We have evaluated the influence of a previous experience (OF) on the anterograde amnesia caused by the systemic administration of scopolamine before training with a mild overthreshold footshock (0.5 mA). As expected, this antagonist was amnestic for IA (Figs. 3 and 4) , as had previously been widely reported (Decker and McGaugh 1989; Ohno and Watanabe 1996; Giovannini et al. 1999) , affecting IA acquisition and/or early consolidation. These rats previously exposed to the OF and then treated with i.p. scopolamine expressed IA LTM (Fig. 4) though not STM (Fig. 3) .
Besides the amnestic effect of scopolamine, there is controversial information on its effect on locomotor activity; an increase (with 0.056 mg/kg, 1 and 2.5 mg/kg) (Watanabe and Shimizu 1989; Day et al. 1991; Nomura et al. 1994; Sipos et al. 1999; Chintoh et al. 2003 ), a decrease (Pradhan and Roth 1968; Anisman et al. 1975; Besheer et al. 2001; Myhrer et al. 2004; Masuoka et al. 2006; Hodges et al. 2009 ), or even no effect on locomotor activity (Feigley 1974; Humby et al. 1999 ) have been reported after systemic administration of scopolamine in several assays using different memory and operant tasks. Thus, these putative effects of scopolamine appear to depend on various experimental factors such as animal strain, task, doses, training intensity, and time before training (see Klinkenberg and Blokland 2010) . Therefore, this should be checked when evaluating scopolamine effect on cognitive function, particularly in tasks where locomotor activity is closely related to the main dependent variable (see Klinkenberg and Blokland 2010) ; i.e., shorter STM test latencies in i.p. scopolamine treated rats could be due to an increase in locomotor activity instead to an impairment of cognitive function. When locomotor activity was assessed in the OF following the systemic administration of scopolamine, after the same interval between i.p. injection and IA-STM test (Fig. 3) , there were not significant differences between scopolamine treated and control animals, in either locomotor or exploratory activity (see Table 1 ). In addition, there was also an internal control for the challenge with scopolamine, since rats either exposed or not to the OF received same dose of scopolamine, through the same route at the same interval before IA training (Fig. 3) . During the training session, scopolamine treated animals behaved like those injected with saline, as was corroborated both qualitatively by direct observation and quantitatively, since training latencies of both groups were not statistically different. Hence, the same dose of scopolamine that was amnestic for IA did not show any significant impact on locomotor activity (Table 1) . Therefore, our results ruled out the possibility that the low score in test performance 40 min after IA training (STM), 60 min after i.p. scopolamine, could be due to changes in locomotor activity.
STM and LTM involve independent processes (see McGaugh  1966) ; e.g., while LTM could suffer extinction, STM persists (see McGaugh 1966; Izquierdo et al. 1999b) .
Interestingly, caffeine administration prevented disruption produced by pretraining i.p. scopolamine in mice on IA STM, though not on LTM (Botton et al. 2010) . One can speculate that caffeine could act by increasing the level of attention putatively impaired by pretraining scopolamine during acquisition; nevertheless, this was not "enough" to rescue LTM. Therefore, scopolamine should be acting not only by impairing attention but on another function involved in LTM formation, i.e., over acquisition and encoding of the trace. Taking into account the pharmacokinetics and pharmacodynamics, scopolamine is distributed to the brain 20 -30 min after i.p. injection (Watanabe and Shimizu 1989) and its central effect persists beyond 120 min after application (Perlstein et al. 2002) ; scopolamine could have impaired retrieval (Barros et al. 2001; Azami et al. 2010) , since it was still present in the brain at significant concentration during STM test. Although we cannot fully discard this possibility, it appears unlikely since pretreatment with caffeine preserved both kinds of memories when scopolamine was given post-training, being still present in the brain when STM was assessed (Botton et al. 2010) ; thus, it seems that scopolamine would not affect STM retrieval directly. We use a rather similar protocol for scopolamine administration; therefore, it is also unlikely that scopolamine might be directly affecting the retrieval during STM evaluation.
Although acquisition and consolidation depend on muscarinic transmission, the underlying mechanisms for both functions, as well as for STM and LTM formation, are different. Altogether, the reports above mentioned (see Izquierdo et al. 1999b; Botton et al. 2010; Klinkenberg and Blokland 2010) and our results strongly support that although scopolamine could act on attention, it also acts directly on memory processing. Muscarinic transmission appears to be required for acquisition, is certainly required for STM (is likely involved in attention), as well as during LTM consolidation of IA.
IA amnesia by i.h. scopolamine and the OF effect
Rats treated with intrahippocampal scopolamine immediately after mild IA training suffered retrograde amnesia as expected (Fig. 5) , and this was attributed to a deficit in early consolidation (Izquierdo et al. 1992 ; see Izquierdo et al. 1999b ). Then, we assessed the influence of a previous experience on that retrograde amnesia. The amnestic effect on LTM was prevented by exposure to one or two OF sessions, while STM assessed after two OF exposures was also rescued. Hence, the OF experience promoted retention and led to expression of a memory that otherwise seemed to be absent, since rats injected with scopolamine without previous OF exposure expressed neither IA-STM (Fig. 5A,B) nor IA-LTM (Fig.  5C,D) .
Since rats showed habituation to the OF in the second session (Fig. 1B) , it appears that IA memory was not exclusively influenced by the novel condition of the previous experience. Instead, it could be related to other aspects and features, such as the establishment of another LTM in the appropriate structure within the appropriate interval, and/or to changes in rat attention, particularly during acquisition. However, as there was no improvement in IA performance in naïve rats that previously explored the OF and were then trained in IA with a weak overthreshold stimulus, the last possibility appears unlikely.
As the interval between the second or the single exposure to the OF and the IA training is shortened, the overlapping of phenomena underlying the OF retrieval, the concomitant memory labilization and IA acquisition would turn interactions from positive to negative; thus, the sign of these interactions would depend on the interval between tasks and the resultant qualitative and quantitative degree of the overlapping.
OF effect and endogenous acetylcholine
Muscarinic agonists and antagonists are able to modulate hippocampal synaptic plasticity considered to underlie learning and memory at the cellular level. Either the release of endogenous ACh in vivo (Leung et al. 2003; Ovsepian et al. 2004) or the exogenous application of MAChR agonists in vitro, led to LTP facilitation (Boddeke et al. 1992; Shimoshige et al. 1997; Shinoe et al. 2005) . It follows that the activation of hippocampal MAChRs by endogenous ACh should facilitate the induction of synaptic plasticity, thereby promoting the cognitive processing. Cortical and hippocampal ACh release (Day et al. 1991; Mizuno et al. 1991) is also positively correlated to behavioral arousal (Dudar et al. Open field overcomes amnesia by MAChRs blockade www.learnmem.org 1979; Day et al. 1991; Mizuno et al. 1991 ) and attention processes (Dudar et al. 1979; Inglis and Fibiger 1995) . Open-field exploration and habituation depend on the hippocampus and its cholinergic afferents (Izquierdo et al. 1992) . It has been reported that rats exposed to a novel environment showed a marked increase in ACh extracellular levels at the hippocampus (.250%, lasting for 10 min and decreasing to 100% at 20-30 min); this increase was positively correlated with exploratory behavior in a first OF exposure. When rats were reexposed, exploratory behavior and locomotor activity decreased indicating habituation, but the cholinergic activation appeared once again; moreover, there was a further increase (.280%) during and after the reexposure, persisting for .40 min. Hence, extracellular ACh levels are elevated in the hippocampus not only in response to novelty, but also during the second exposure to the same environment when behavioral habituation was evident (Thiel et al. 1998) .
The prevention of scopolamine amnesia by the "OF effect" might be explained, at least in part, by the "previous increase" in ACh release, which would facilitate synaptic plasticity/metaplasticity in the hippocampus, leading to overcoming the amnesia due to hippocampal MAChR blockade. Another possible explanation is that OF exposure would recruit MAChR from regions/circuits other than those in the dorsal hippocampus, e.g., from cerebral cortex, that would contribute to the establishment of IA LTM. However, this does not explain why the previous OF also prevented IA-LTM amnesia caused by a more general blockade of MAChR by i.p. scopolamine.
For STM, previous OF exploration and habituation led to overcoming the amnesia by muscarinic blockade only when it was restricted to the dorsal hippocampus after training (Fig.  5A,B ), but not with a widespread and earlier blockade (Fig. 3) , suggesting that another region might be involved in this case. An increase in hippocampal and cortical ACh release promoted by the OF exploration could contribute to overcoming the effect of the subsequent hippocampal MAChRs blockade during IA memory consolidation. When there was a widespread muscarinic blockade during IA acquisition, an increase in hippocampal and cortical ACh release induced by the OF exploration (Thiel et al. 1998) could not be able to recruit synapses and circuits depending on muscarinic transmission from other regions at the time of acquisition, and consequently, there was not STM expression; surprisingly, OF exposure was able to prevent or reverse the amnesia for LTM in this case (even when tested in the same animals) (M Snitcofsky and NC Colettis, unpubl.). These results corroborate that different mechanisms underlie both types of memories (e.g., with the putative participation of other cholinergic as nicotinic receptors), indicate that some memory trace was formed even under scopolamine and suggest that an increase in ACh release could exert its effect before or during training (e.g., by leading to metaplasticity and/or lowering the threshold for synaptic plasticity) or later on, while scopolamine concentration diminishes in the brain (i.e., during consolidation).
As OF exposure was always previous to IA training, it is not clear whether the "OF anti-amnestic effect" was acting before, during or after acquisition. However, in addition to the interpretation in the previous paragraph, four facts lead us to speculate that this effect could be due, at least in part, to the rescue of the trace during early consolidation: (1) The amnestic effect of scopolamine administered i.p. before IA training was reversed by blocking adenosine-A1 receptors during consolidation, indicating that certain trace was actually formed even when MAChRs had been blocked during acquisition (Harvey et al. 2012) ; (2) the retrograde amnesia of both STM and LTM by scopolamine given intrahippocampus at early consolidation was also prevented by the OF; (3) the anterograde amnesia by pretraining scopolamine was not prevented for STM but it was for LTM, strongly suggesting that the OF effect was able to promote consolidation rather than to facilitate acquisition; and (4) there was no significant improvement of IA performance in naïve or saline injected animals previously exposed to either one or two OF sessions, despite the weak training that led to a poor rather improvable performance.
Interestingly, it was shown that preexposure to the IA box, though not to a different environment 24 h before IA training, avoided the amnesia instigated by AP5, a N-methyl-D-aspartate receptor (NMDAR) antagonist (Roesler et al. 1998 ). In addition, 2 OF exposures 24 h apart, also prevented the amnestic effect of the NMDAR channel blocker MK-801 infused into the hippocampus immediately after IA training (Cercato et al. 2014 ). Coincidentally, 5-min exploration of a new environment 1 h before a hippocampus-dependent "everyday appetitive" behavioral model, rescued memory from the amnesia instigated by hippocampal dopaminergic D1/D5 receptor blockade 15 min before the memory-encoding trial .
Altogether, the reports in the literature and the present results strongly suggest that there is an interval in which the presentation of either a novel or even repeated experience would help to overcome amnesia of a following task, caused by diverse amnestic agents administered either before or after training in this second task.
Effect of hippocampal protein synthesis inhibition on IA performance
The dominant view on the molecular basis of memory is that LTM formation depends on the de novo protein synthesis "initiated" by the corresponding experience (Davis and Squire 1984; Nader 2003 ; for reviews, see Frey and Morris 1998; Kandel 2001; Dudai 2002; Alberini 2008) . It has been shown that drugs interfering with protein synthesis, i.e., by inhibiting translation around the time of IA training, led to amnesia (Freeman et al. 1995; Quevedo et al. 1999 ). Then, it was proposed that protein synthesis would be required for the establishment of an association, e.g., between a context and a shock (Frankland et al. 2004 ). In addition, it was shown that, in a different paradigm like extinction of CFC in rats, the extinction process was promoted by exposure to a novel OF environment 1 -2 h before or 1 h after CFC test (extinction), and that this promotion was suppressed by inhibitors of protein synthesis (de Carvalho Myskiw et al. 2013) .
Furthermore, a single learning experience would trigger two "protein synthesis waves": an earlier one around the training session and a later one, 3-6 h after training (Grecksch and Matthies 1980; Davis et al. 1981; Freeman et al. 1995; Quevedo et al. 1999; Cammarota et al. 2004) . Coincidentally, it has been shown that LTM formation of IA in rats has two critical time windows when gene expression would be required in the hippocampus: one since 15 min before training to immediately after, and the other 3 -6 h after training (Igaz et al. 2002) .
Protein synthesis inhibitor anisomycin interfered with IA performance when administered either 15 min (Quevedo et al. 1999 (Quevedo et al. , 2004 or 20 min before training (Davis et al. 1981; Canal and Gold 2007) , and 3 h after training, though not immediately or 6 h later. However, there were no reports on the effect of earlier administration of anisomycin on IA memory.
It has been reported that hippocampal early-LTP was "behaviorally reinforced" leading to late-LTP, by exposing rats to a novel environment though not to a familiar arena (Li et al. 2003; Straube et al. 2003b; Davis et al. 2004) . That LTP reinforcement induced by novelty was blocked by a protein synthesis inhibitor applied just before exploration (Straube et al. 2003a) .
The "synaptic tagging and capture hypothesis" (STC) was postulated to explain how the newly synthesized plasticity related proteins (PRPs) would interact with specific inputs. PRPs would be Open field overcomes amnesia by MAChRs blockade www.learnmem.org captured at specific synapses which were previously tagged by synaptic activity Morris 1997, see Frey and Morris 1998) : A synaptic tag would transiently label a synapse after activation, allowing the local recognition of newly synthesized PRPs, thus leading to an enduring change in transmission efficiency (see Martin and Kosik 2002) .
To investigate whether the "OF effect" on the IA retrograde amnesia by i.h. scopolamine involves hippocampal protein synthesis, we first had to find out an interval to block protein synthesis without interfering with IA training, but close enough to inhibit protein synthesis putatively triggered by the OF.
Anisomycin injected into the hippocampus 85 min before IA training clearly impaired IA LTM leading to amnesia (Fig. 6A) ; it also produced a significant impairment of IA LTM when given 2 h before IA training, although it was not fully amnestic (Fig.  6B) . Thus, anisomycin affected acquisition and/or early consolidation of IA when administered pretraining longer before than previously shown. Moncada and Viola (2007) have proposed that the promoting effect of a novel OF around the time of an underthreshold training in IA (that induced STM though not LTM), would require newly synthesized hippocampal proteins, and that there would be a "behavioral tagging" in which the OF exploration provides PRPs in the hippocampus, stabilizing a weak IA memory trace. However, since rats exposed to the OF and infused with anisomycin 1 h before IA training with an underthreshold stimulus did not express IA LTM, it was not feasible to discriminate if there was an effect on IA acquisition after protein synthesis inhibition in the hippocampus. Nevertheless, our results showed that when anisomycin was given even 2 h before training (Fig. 6B) , the hippocampal protein synthesis supposedly required for LTM formation would still be affecting IA performance. Furthermore, when anisomycin was administered 85 min before IA training (Fig. 6A) there would likely be a more conspicuous blockade during training, impairing performance. Therefore, the resulting interval of when some hippocampal protein synthesis would be necessary to lead to IA memory encoding was wider than anticipated. Furthermore, our results also showed that 3 min in the OF, 90 min before IA training, led to overcoming the amnesia instigated by anisomycin given 85 min before training, immediately after the OF exploration (Fig. 6A ). In addition, anisomycin given before the OF (although it did not lead to full amnesia of IA), it did not affect the rescue of IA memory either.
In conclusion, two OF exposures-with habituation-prevented anisomycin induced amnesia in IA (Fig. 6) , suggesting that the hypothetic OF-instigated "synaptic tagging" (see Frey and Morris 1998) and PRPs synthesis could take place in a region not reached by the inhibitor.
Although OF modulation of IA LTM could involve hippocampal protein synthesis triggered during or following the second OF session, we were not able to detect it-or a putative window for it-since the protein synthesis blockade in that structure before or after the OF experience did not impede overcoming IA amnesia. Thus, with our experimental design it was not feasible to discriminate among protein synthesis required during IA acquisition/early consolidation and some synthesis putatively induced by the OF, required for its positive modulation on IA memory. Since the animals appeared fully amnesic when anisomycin was administered 85 min before IA training, though not 2 h before, these results strongly suggest that in the first case, protein synthesis was inhibited during an interval enough to impair IA acquisition/consolidation. If the OF provided some de novo synthesized ad hoc proteins shortly before, during or following OF exploration, this could take place in a region which does not (fully) overlap with the dorsal hippocampus where the synthesis was inhibited. However, other interpretations are feasible: e.g., there is the possibility that this OF effect would not require new protein synthesis within the hippocampus or wherever. Most evidence on the de novo protein synthesis as necessary substrate for memory comes from the use of inhibitors like anisomycin. However, there are reports on the overcoming of this amnesia through several procedures. Gold (2008) has shown that IA amnesia by anisomycin seems to be due to a profound alteration on the release of the three biogenic amines in the amygdala, where the inhibitor was administered. Hence, such effects must be taken into account, particularly as anisomycin "failed" to cause IA amnesia when rats were left to explore twice an OF before IA training.
The blockade of memory and synaptic plasticity by inhibition of protein synthesis does not necessarily imply that protein synthesis is essential for neural plasticity, but could suggest that the inhibition of protein synthesis is a poor condition for the appropriate functioning of neurons/circuits to make memories (see Gold 2008) .
Taking into account that anisomycin given 85 min before IA training severely impaired retention of IA and when given 120 min before also produced a retention impairment by itself, it seems rather difficult to perform assays with both scopolamine and anisomycin, to discriminate a putative requirement for hippocampal protein synthesis in the "rescue of IA trace" by the OF.
To interpret our results it is necessary to make it clear that the previous experience could be novel or not; therefore, novelty would not be an absolute requirement for the previous task effect on preventing amnesia of a second task. It is rather difficult to fit our results into the frame of the STC hypothesis, since the PRPs synthesis putatively induced by the OF should take place in another related structure, which does not-fully-overlap with that involved in LTM acquisition/encoding of the following task; hence, it would be necessary to postulate that hippocampal and/or appropriate located tags should still be able to capture those PRPs. However, as the previous experience in the OF rescued that memory even in the presence of the inhibitor (see Gold 2008) , our results fit well into another explanation proposing that the inhibition of protein synthesis leads to altered neural functions that would interfere with memory processing.
Materials and Methods
Animals
Adult male and female Wistar rats (200-250 g) bred in-house (outbreed stock from Veterinary School Animal Facility), were maintained in groups of four to six animals per cage, under a 12-h light/dark inverted cycle with lights on from 8 p.m. to 8 a.m., at 25˚C room temperature. Food and water were available ad libitum in their home cages. A periodic handling for 60 sec per day, three times a week was performed. Three-month-old rats were submitted to surgery and/or behavioral tasks.
All experiments were performed in accordance with the Veterinary School 
Drugs
Anisomycin and scopolamine were purchased from Sigma. Eighty micrograms of anisomycin was infused in the dorsal hippocampus, in a volume of 0.8 mL per side. Anisomycin was dissolved in HCl, diluted in saline and adjusted to pH 7.4 with NaOH. Eight micrograms of scopolamine was infused into the dorsal hippocampus in a final volume of 1 mL per side (intrahippocampal infusions). One milligram per kilogram was injected via i.p. in some animals, in a final volume of 0.5 mL (systemic i.p. injections).
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Surgery and drug administration
Animals were anesthetised with ketamine/xylazine (i.p.; 75 and 10 mg/kg, respectively), and were bilaterally implanted with 21-gauge guide cannulae aimed at a point 2.00 mm above the CA1 region of the dorsal hippocampus (coordinates A: 24.3 mm, L: 4.0 mm, V: 1.2 mm from Bregma [Paxinos and Watson 1996] , for rats from our stock), using a stereotaxic apparatus for small animals. After surgery, animals received a single i.m. dose of the antibiotic enrofloxacin (5 mg/kg).
Intrahippocampal infusions: After recovery from surgery 4-6 d later, stainless steel pins were removed from their implanted cannulae. Then, either scopolamine, anisomycin or the vehicle was injected at a flux of 1 mL/min, using a Hamilton 10-mL syringe connected by a silicon tubing system to a 27-gauge dental needle inserted through the guide cannula and protruding 2.0 mm beyond its tip, into the CA1 pyramidal layer of the dorsal hippocampus. Infusion was performed throughout 1 min; the needles were left in place for 30 additional seconds to minimize backflow.
Anisomycin was infused in the dorsal hippocampus either 120 or 85 min before inhibitory avoidance training (see protocol schemes shown in Fig. 6 ). Scopolamine was infused into the dorsal hippocampus immediately after inhibitory avoidance training.
After the end of all behavioral procedures, examination of cannula placement was performed. Animals were euthanized by decapitation, and the brains were stored in buffered formalin solution for localization of the infusion sites, by magnifying lens exploration. Only data from animals with correct cannula implants (within 1 mm of the target coordinates; 95% of the rats) were included in statistical analysis.
I.p. injections: Scopolamine was infused via i.p. in some animals, 20 min before inhibitory avoidance training.
Behavioral studies
Open field (OF)
To evaluate the possible effect of a novel or a repeated exposure to the OF arena, each rat was left to freely explore the box (60 cm long × 60 cm wide × 50 cm high) for 3 min (first session). To test possible effect on habituation, a second 3-min session was performed 24 h later. The number of rearings and crossings from one quadrant to another (25 quadrants drawn in the floor of 15.0 × 13.3 cm each), were quantified in both sessions.
Step-down inhibitory avoidance (IA)
During the training session, rats were kindly placed onto an isolated plastic platform (30 cm wide, 10 cm long, and 1.5 cm high), away from the experimenter, facing to the wall on the left side of an acrylic box (50 × 25 × 30 cm); the grid floor was made of parallel bronze bars (0.3 cm in diameter, set 0.5 cm apart). Then, rats were allowed to freely explore the box. The latency for the animal to step-down from the platform onto the grid was recorded. When the rat placed its four paws onto the grid, a 5-sec scrambled footshock (i.e., 0.4; 0.5 or 0.6 mA) was delivered to the grid floor. During the test session, 40 min or 24 h later, no shock was given, and stepping down latency was measured with a 120 sec cut-off time. We considered that rats formed a short-term memory (STM) or a long-term memory (LTM), reaching the learning criteria when test latencies were significantly higher than training latencies.
Statistics
For the IA task, nonparametric statistics was used because an upper time limit of 120 sec was specified for the test session; as a consequence, test latencies did not follow a Gaussian distribution (Kolmogorov-Smirnov test of normality). Results are presented as medians with interquartile ranges (P25/P75).
Performance in the IA for each group was evaluated comparing the differences between test and training latencies with zero, for each animal, by paired Wilcoxon test; in this way, we were able to detect whether test latencies resulted significantly higher than training latencies, which is the learning criteria. When the comparison was done between two groups, nonparametric Mann-Whitney U test was used to compare latency differences (test latency 2 training latency). When comparing three or more groups, nonparametric one-way ANOVA was used (KruskalWallis test).
In each experiment, we compared training latencies among groups to ensure they were similar: Their training latencies median was not statistically different (P . 0.05, Mann-Whitney U test for the comparison of two groups; Kruskal-Wallis, one-way ANOVA for the comparison of more than two groups).
Since most of the rats spent ,15 sec onto the platform during the training session, data from animals with training latencies .15 sec were discarded from the statistical analysis. Furthermore, those animals spending longer (in general .20 sec) seemed to explore either in an atypical way or to apparently freeze.
We compared the number of either rearings or crossings between the first and second OF session by paired Wilcoxon test. When the recorded parameters were significantly higher in first than in the second session we considered that the animals were habituated to the arena. Statistically significant differences were considered when P,0.05, using GraphPad Prism 5.0 software (GraphPad Software).
